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BACKGRCUND OF THE | NVENTI ON : The present invention relates to an .
integrated air separation process in which a pre- purification unit is =
integrated with an air separation unit to renpbve inpurities fromthe air
prior to its separation. Mre particularly, the present invention relates

to such a process in which the pre-purification unit contains adsorbent

beds which operate in accordance with al pressure sw ng adsorption cycle.

Even nore particularly, the present invention relates to such a nethod in

whi ch the pressure swi ng adsorption cycle includes continuously subjecting

the beds to a purge wi { NINTRERATIEN MR SEPARATONTROCRSS T 00en
Air is separated into its.conponents by a variety o OW t enperat ure
rectification processes. In accordance with such processes, air is

conpressed, cooled to a tenperature suitable for its rectification, and
then is introduced into a air separation unit which contains one or nore
colurms in which the air igmmwmt parts. The air
separation unit can contain one or nore distillation colums having trays

or packing

'Ihepr&éent inventibnrelat&sto an integrated air separation process in which a pre-
purification mﬁt is integxated with an air separation unit to remove impurities from the air
prior to its separation. More particularly, the present invention relates to such a process
in which the pre-purification unit contains adsorbent beds which operate in accordance
with a pressure swing adsorption cycle. Even more particularly, the present invention
relates to such a method in which the pressure swing adsorption cycle includes
continuously subjecting the beds to a purge with a waste stream such as waste nitrogen.

Air is separated into its components by a variety of lov? temperature mctiﬁcaiion
processes. In accordance with such processes, air is compressed, cooled to a temperature
suitable for its rectification, and then is introduced into a air separation unit which
contains one or more columns in which the air is distilled into its component parts. The
air separatlon unit can contain one or more distillation columns having trays or packing
to provide intimate contact between vapor and liquid phases of the air to be separated.

In ad_dition to oxygen, nitrogen and argon, the air also contains higher boiling
components such as carbon dioxide, hydrocarbons and water. If these higher boiling
components are not removed from the air prior to the cooling of the air, such components
will condense during the cooling of the air and form ice in the main heat exchanger.
Additionally, distillation columns tend to concentrate such higher boiling components as
liquid column bottoms. ' In case of hydrocarbons, this can present an operational hazard.
In order to prevent such problems, pre-purification units are provided that are integrated
with the air sépération plant in order to remove the higher boiling components such as

-moisture, carbon dioxide and hydrocarbons. Such pre-purification is effectuated by beds
of adsorbent operating lnaooordance with pressure swing adsorption cycles.



,to ‘provide intimate contact between vapor and |iquid phases of the air to
be separat ed. In addition to oxygen, nitrogen and argon, the air.

al so contains higher boiling components such as carbon di oxi de, .
hydrocarbons and water. |f these higher boiling conponents are not renoved
fromthe air prior to the cooling of thg air, such conponents will condense
during the cooling of the air and formice in the main heat exchanger.
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It is possible to use two beds which are 6perated out of phase such that while one
bed is being fed, the other bed is regenerated and is therefore being subjected to

depressurization, purge and repressurization stages. Even when more than two beds are
used, the beds are only purged intermittently. As will be discussed, the inventor herein
has found that operational efficiencies can be. realized by operating a pressure swing
adsorption cycle so that a waste stream is continuously being used to purge a bed

undergoing the purge stage of the cycle.

SUMMARY OF THE INVENTION

The present invention provides an integrated air separation method. In accordance
with this method, air is separated by compressing a feed air stream, cooling the feed air
stream to a temperature suitable for its rectification and then rectifying the air so that a
waste stream is produced. The waste stream is warmed prior to its further utilization.
The feed air stream is pre-purified prior to the cooifng thereof by pressure swing
adsorption process. The pressure swing adsorption prbceés comprises subjecting each of
at least three adsorbent beds configured to adsorb impurities to a cycle including a feed
stage to adsorb the impurities at pressure. Thereafter, the beds are regenerated by a
depressurization stage to initiate desorption of the impurities, a purge stage fo complete
desorption of the impurities and a repressurization stage to repressurize each of the at least

three beds back to the pressure. The purge stage is conducted by introducing the waste



savai l'able froma | ower pressure colum of a double colum air separation
unit. Thereafter, part - of purified air from another bed undergoing a feed
stage is routed to the bed that has just been subjected to a purge stage'to
repressurize the bed. It is possible to use two beds which are
oper at ed out of phase such that while ope bed is being fed, the other bed
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SUMVARY OF ﬁ%g%ﬁ%ﬁﬁ%%d% pul%es% present invention provides an
integrated air separation nethod. In accordance with this nethod, air is
separ ated by colr]ﬁ{essi ng@a feed air stream cooling the feed air streamto
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purge st age® byAS S resulbReRmpYEtigheancbe adsorbed in the first instance.
'Ihe appllcatlon of the present invention is therefore to reduce the amount of adsorbent

required for a pre-purification unit of an air separation plant.
BRIEF DESCRIPTION OF THE DRAWING
While the specification concludes with claims distinctly pointing out the subject

matter that Applicant regards as the invention, it is believed that the invention will be
better understood when taken in connection with the accompanying drawings in which:

Fig. 1 is a schematic of an air separation plant for carrying out a method in
- accordance with the present invention;

Fig 2 is a schematic of a pre-purification unit in accordance with the present
invention; and |

Fig. 3 is a schematic cycle diagram illustrating a pressure-swing adsorption process
in accordance with the present invention.



.3 streaminto each of the three adsorbent beds for the duration of the tine
i nterval equal to the total tine interval of the cycle as applied to each
of the least three beds divided by a total nunber of the adsorbent beds.” As
a result, the purge streamis continuously being used to. subject a bed to a
pur ge stage. In a two bed systgm since one bed is producing while
anot her bed is being regenerated, there exists a time period in which,

al t hough avail abl e, the purge sDIEBANED DRSCRIPEIONsed to purge a bed.
Hence, the present invention requires three or nore beds so that the purge
streamis continuously being used. The effect of the present I nvention is
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a pre-purification unit 16 and is then cooled in a main heat exchanger 18 to a temperature
suitable for its rectification within air separation unit 20.

Air separation unit 20 can consist of a single distillation column that is used to
separate the air into an oxygen-rich liquid column bottoms and a nitrogen-rich or even a
high-purity tower overhead. The present invention is not limited by the actual distillation
process used or the number of distillation columns used in carrying out the process. For
instance, air separation unit 20 could be a double column in which higher and lower
pressure columns are operatively associated with one another by a condenser-reboiler.
The compressed and cooled air would be introduced into the bottom of the higher pressure
column to produce a nitrogen rich tower overhead and an oxygen-rich colurmn bottoms,

- known in the art as crude liquid oxygen. The crude liquid oxygen would be further
refined in the lower pressure column into a gaseous nitrogen tower overhead and a liquid
oxygen column bottoms. Air separation unit 20 could also be a single column oxygen or
nitrogen generator.

For purposes of explanation, it will be assumed that air separation unit 20 produces
a waste nitrogen stream 22. However, if an oxygen were not desired, waste stream 22
could be formed from gaseous oxygen directly above the sump of a double column air
sepaxation unit. Additionally, air separation unit 20 produces a product stream 24 which
in a manner well known in the art could be, liquid oxygen to be vaporized within main
heat exchanger 18 or gaseous oxygen or nitrogen to be warmed within main heat
exchanger 18 to ambient conditions.
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subject matter that Applicant regards as the invention, it is believed that
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Compressed air from aftercooler 14 enters a header 32 and is sequentially routed each of
first, second and third adsorbent beds 26-30 to produce a product stream which is
discharged from a product header 36 to main heat exchanger 18.
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Each of the first, second and third beds 26-30 is subjected to feed,
depressurization, purge and then repressurization stages by operation of on/off valves 38-
66, which although not illustrated could be remotely activated by a programmable or
analog controller. With additional reference to Fig. 3, a valve sequence chart follows to
describe the operation of valves 38-66 to effect pressure swing adsorption process
illustrated Fig. 3. Open valves are designated by the symbol "O".

VALVE SEQUENCE CHART I
valve |38 |40 |42 |44 {46 |48 |s0 |52 |54 |56 |58 60|62 ]6s]66
Number
Time-minutes
005 |0 o |o 0 0 |
0512 |0 | 0 o lo |o 0

l 12-12.5 0 0 0 0 0
12.5-24 0 0 0 - 0 |o 0
24245 o (o o 0 | 0
24.5-36 0 0 0 0 0 0




.conpressed in a conpressor 12. The heat of conpression produced through the
conpression of the air is renoved by an aftercooler 14. Thereafter, the air
is purified in a pre-purification unit 16 and is then cooled in a nain heat
exchanger 18 to a tenperature suitable for its rectification within air
separation unit 20. Air separagion unit 20 can consist of a single
distillation colum that is used to separate the air into an oxygen-rich
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During the time interval from 12 to 12.5 minutes first adsorbent bed 26 is now
being subjected to depressurization. To this end, valve bed 44 is open. Second
adsorbent bed 28 is now subjected to the feed stage by setting valves 40 and 64 in the
open position. Third adsorbent bed 30 continues to be subjected to purge.

In the next time interval from 12.5 to 24 minutes first adsorbent bed 26 is
subjected to the purge stage by opening valves 50 and 44. Third adsorbent bed 30 is
repressurized by setting valves 58 and 60 in the open position.

The next succeeding time interval, from 24 to 24.5 minutes, has second adsorbent
bed 28 being subjected to a depressurization stage by setting valve 46 in the open
position. At the same time, third adsorbent bed 30, which previously was repressurized,
is now subjected to the feed stage by setting valves 42 and 66 in the open position.

The last time interval, from 24.5 to 36 minutes, has first adsorbent bed 26 being
repressurized (prior to being brought on-line) with part of the product stream being
produced from third adsorbent bed 30. Valves 56 and 60 are set in the open position for



- Wth reference to Fig. 2 pre-purification unit 16 is provided with
fist, second and third beds 26, 28 and 30. Each of the beds contains an-
adsorbent to adsorb the higher boiling inpurities, for exanple, activatéd
alumna (AA) 7 x 12 nmesh beads manufactured by La Roche Chemnicals, P.O Box
1031, Airline H ghway, Baton Rouge, La.770821-103 1. Conpressed air from
af t er cool er 14 enters a header 32 and i s sequentially routed each of first,
second and thisipupases Seoond a@@d@“&bﬂk@sﬂ%nw&ﬂb@@%% ge stage byhopening i s
di schar ged f %né?&% %uct header 36 to nmi n heat -exchanger 18. Each
of the firs% §40d third beds 26-30 i s subjected to feed,
depressurization, purge and then repressurization stages by operation of

on/ of f val ves 38- 66, which although not lIIu trated cou e renmotely
activated by a ﬁh‘?ﬁ?ﬂ@% rfePW‘-? hwﬁﬂ?lii’qdﬁo%mgr@f dRence
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3. Open valembodanentdthe thmetthat dagh tbed is gxpmsed tathe feed stage is equal to the purge
VALVE SEQUEs't\Ia% mg total time of the cycle is equal to about three times the time of the purge

stage or for that matter the time of the feed stage.

The following is a calculated example to show the adsorbent savings when

conducting a pressure swing adsorption cycle for a pre-purification unit in accordance

with the present invention as compared with prior art two bed methods. It can be seen
from this example that compared to a two bed method, roughly 4,808 Kg. of adsorbent
are saved with the three bed method of the present invention.

PRODUCT: CO,= 1 ppm peak
ADSORBENT: Activated Alumina (AA) 7x12 mesh beads

I CASE#-#OF BEDS | PRIOR ART 2 SUGGESTED 3 I
Weight of Adsorbent 28,852 24,044 I
Kg)

Weight of Adsorbent/Bed 14,426 8,015
Kg) -

Inner Diameter of Bed, 2.7 2.25
Meters

Length of Bed, Meters 3 24 P
% Purge/Feed 415 50

% Vent Loss 1 0.5




~Val ve 3840 42 44 46 48 50 52 54 56 58 60 62 64 66 Nunber

Ti me- m nut es 0-0.5 0 0 0 0
0 05-12 0 0 0 0 0 0
12-12.5 0 0o 0 0 0
12.5- 24 0 0 0 g 0 0 0
24-24. 5 0O 0 0 0 |
24.5- 36 S ?f” o Oe 0
% Max. Repressurization/ 9 1.3
Feed Flow
Feed Time, min. 12 12
Time Depressurization, 0.5 0.5
min.
Time Purge,min. 10 12
Time Repressurization, 1.5 115
Total Cycle Time,min. | 24 36

For purposes of this example, the feed pressure and temperature is about 3
atmospheres at about 35° C. The feed rate is about 140 standard cubic meters per minute.
The purge stream has a pressure of about 1 bara and a temperature of about 35° C. The
flow rate for the purge stream is about 71 standard cubic meters minute.

In addition to the aforementioned advantage of lower adsorbent requirement,
maximum fluctuation in product flow rate from pre-purification unit 16 is reduced from
about 9 to 1.31. This improves the operation of the downstream air separation unit 20.

While the present invention has been described with reference to a preferred
embodiment, as will occur to those skilled in the art, numerous changes, additions and
omissions can be made without departing from the spirit and scope of the present
invention.



Jdnthe first half mnute, valves 38, 46, 48, 52 and 62 open: :As a- resul t---
the feed air stream fornmed from conpressed air cooled in rcool er
feeds to first adsorbent bed 26 to subject first adsorben @ ,qml,ﬂ umd
stage. Since valve 62 is also open, the product is di scha
header 36 from first adsorbent bed 26. V9al ves 46 and 52 are open to subj ect
the second %arbent bed 28 to the purge stage. Open valve 48 allows third
adsor bent 31 e subj ected to the depressurization stage. At the
succeeding tinme interval, between a half and 12 minutes, first adsorbent
bed 26 continues to be subj ected to the feed stage. Second adsorbent bed 28
i s now, hovevAn intsgrated air sepamation methed comprsingir i zati on stage. To this end,
val ves 56 and 58 are open to subject second adsorbent bed 28 to part of the
product stream at pr essure VaI ves 54 and 48 have opened to subject third

adsor bent bed Beraram@ afwdamstre&n,rcotﬂm @efeeﬂfammeahv&i afrom
12 to 12.5 mnutes fir zi,dsorbent 26 i.s.now bei ng ubjected to

depr essur i 2emperaturer suitahle far is regificati d‘%ﬁl‘!ﬂ gﬁ ﬂ Waste sEeam iped
28 is now mﬁ’%é t\Q%fnlﬂﬁ qa@f‘%aﬁ% gtting vaI ves 40 and 64 in the
open positi‘on e&g a sor%ent be C ﬁﬁl nues to be subjected to purge.

In the next tinme interval from12.5 to 24 mnutes first adsorbent bed 26 is
subj ected to the pur st y .openi ng. val ve 4. Third adsorbent
bod 301 5 rapr o ReHNFHERIHe Seethai Sream ok 10§50 (ROlBtE DR bY GIFSSHEIRgN.

adsorption process to produce a purified feed air stream,

the pressure swing adsorption process comprising subjecting each of at least three
adsorbent beds to a cycle including a feed stage to adsorb impurities contained within the
feed air stream and thereby to produce said purified feed air stream, a depressurization
stage to initiate desorption of said impurities, a purge stage to complete desorption of said
impurities and a repressurization stage to repressurize each of said at least three beds;

said purge stage being conducted by introducing said waste stream into each of
said at least three adsorbent beds for a duration of a time interval equal to a total time
interval of said cycle as applied to each of said at least three adsorbent beds divided by
a total number of said adsorbent beds, whereby said purge stream is continuously being
used to subject said adsorbent beds to said purge stage.

2. The integrated air separation method of claim 1, wherein said waste stream
comprises a waste nitrogen stream.

3. The integrated air separation method of claim 1, wherein said depressurization
stage is conducted by depressurizing each of said at least three beds to atmospheric
pressure.



\The‘next' succeeding tinme interval, from24 to 24.5 mnute
~adsorbent bed 28 being subjected to a depressurization stg [ﬂl’% ”m
valve 46 in the open position. At the sanme tinme, third adser L s

whi ch previously was repressurized, is now subjected to the feed stage by
setting valves 42 and 66 in the open pag tion. The last tine
interval, from24.5 to 36 _ mnutes, has first adsorbent bed 26 being |,

repressuri Zbd ( pMeointegsatediairgseperation tmeshod jof saimi L,hwherein said repregsubiaation
s Team be g 1 QUL VTG b i SR o SR P o

in the open hi s
pur pose. Segtdegét dgeobédsnt bed 28 is now subjected to the purge stage by

openi ng val ves 52 and 46. The above-reference sequence conti-nuously
repeats with beds acting in an adsorbing capacity foll owed by regeneration.

As can be r ecy | ‘he.d | Fiebei |
bed is expggs)'gd mﬁ%%&g%%@%%%ﬁ%é purg%%’?%%tﬁg%al

ti me of theisceguhldoithreequal to about three tinmes the tinme of the purge stage
or for that matter the tine of the feed stage.

6. The integrated air separation method of claim 5, wherein said total time interval
is equal to about three times a feed time interval of said feed stage.

7. The integrated air separation method of claim 6, wherein said time interval of said
purge stage is about equal to said feed time interval.

8. The integrated air separation method of claim 7, wherein said waste stream
comprises a waste nitrogen stream.

0. The integrated air separation method of claim 7, wherein said depressurization
stage is conducted by depressurizing to atmospheric pressure.

10.  The integrated air separation method of claim 7, wherein said repmsuﬁmtion
stage is conducted by introducing a part of said purified feed stream into each of said at
least three beds.
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It can be seen fromthis exanple that conpared to a two bed

roughly 4,808 Kg. of adsorbent dde saved with the three bed nethod

of the present inventi on. Pmerr] = 1 ppm peak
ADSORBENT: Activated Alum na (AA) 7x1 ds : CASE # - # OF BEDS .

PRI OR ART 2 SUGGESTED 3 Wi ght of Adsor bent

28, 852 24, 044 (Kg.) Wei ght, of Adsor bent/ ec?

14, 426 An air sepax&nememm which a prequuribratian it it prawiged with three
2.7 Meters Len 0

3 or more beds which grqsubjeu;gcf;@r@ %w%hg %@ﬁﬂmm’ﬁ&&@ Each of the
4111. > beds is subjected t%i%d, preuBAationOsiirge and repressurization stages. The purge

stages are conducted with a waste stream from the air separation unit and the duration of
the purge stage is equal to the total time of the cycle divided by the number of beds.
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% Max. Repressurization/

1.3 Feed Flow Feed Tine, nin, THIS SHEET HAS BEEN' 12 .
12 Time Depressurization, REPLACED 0.5

0.5 min. Time Purge, mn. i/2 10

12 Time Repressurization,

1.5
11.5 mn. Total Cycle Tine, mn. 24

36 For purposes of this exanple, the feed pressure and tenperature
is about 3 atnpspheres at about M err]C. The feed rate is about 140

standard cubic neters per mnute. S a pressure of about
1 bara and a tenperature of ab :
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tenperature suitable for its rectification, rectr f ¥ieRGACHMENT, SHEETHat 80
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purified feed air stream a depress ge-to T tTatedesorptron
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wast e ni t r tgapir grate air separatlon nmet hod of claim
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pressureé: - SR e 10 4. The
d nfegrated air separatioh nmethod of claim1, wherein said repressurization
stage is conducted by introducing a part of said purified fieed air stream

into each of said at |east three beds. 5. The i Hhigds Heceplacement sheet .
separation nmethod of claim1l, wherein said total nunber of beds is equal t-o
t hree. 6. The integrated air separgjd{ on net hod- | af (ﬁ j rein
said total time interval is equal to ab l?t three tinﬁegsmg f'e:g:3 Har‘\]rlrr;l nt er val
of said feed stage. 7. The integrated air separation nethod of claim
6, wherein said tine interval of said purge stage is about equal to said

feed tinme interval. 8. The i nggegrated air separation nethod of claim
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gonpri ses a waste ni t rogen stream 9. The integrated air separation
amet hod of claim 7, wherein said depressurization stage is conducted by
depressurizing to atnospheric pressure. 10. The i Nk Qs #é 't shoet
separation method of claim 7, wherein said repressuri Zation stage is

conducted by introducing a part of said purified feed strea toc,each of
said at | east three beds. 2/ Date:' 3.2()’?
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